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ABSTRACT

These three unnits are designed for use with standard
science curricula. These publications, relating to animals of the
sea, are: Protozoa, Sponges, and Coelenterates. Included are teacher
‘guides, student activities, and demonstrations desigred to impart
ocean science understanding to high school students. Objectives to be
attained from the unit on Protozoans include: (1) identification of
radiolarians, foraminiferans and tintinnids; (2) descriptions of life
processes in . these protozoans; and (3) identification of oceanic
sediment produced by radiolarians and foraminiferans. After studying

the unit on Sponges, students should be a*? :.: (1) list the classes
of sponges; (2) describe the life fur—* -»7, habits; and (3)
describe. sponge reproduction and its ce to sponge industry.
At the end of the unit on Coelenter: -uwents should be able to:
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(3) describe relationship between the re¢ productive stages
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FOREWORD

Prior to 1970, Charleston Ceunty jpossessed no formal
program to develop an organized study ‘of ocean scierice. A
few teachers would cover selected topics on cccasioun, but
there was no formal, district-wide effort to make ocean
science curricula available toe all students im the sccond-
ary schools of the district. '

The increasing emphasis on the study of the oceans by
federal, state, and local govnvnments and the resultaant in-
crease in the importance of the ocean to all c:Ll,e;s thhas
created a need for cohereant ocean science programs for all
students. . Nowhere is the nead for coherent study of the
sea more 1mmed1ae~ly felevant than in Charleston Co unty,
The “nounty is permeated with food and sport-filled water-
ways and heEV1’y dependent on naval and commercial ship-
ping~. Present and future problems in harbor maintenance
and problems of estuarine multiple use indicvate a need forv
a local citizenry literate in ocean science. 'The MO/L_GL“

fective means of developlng large~-scale Jliteracy is the
publlc school. . '

N

This publlcatlon is one of a series made possible
through a Title III, ESEA grant entitled Oceanographic
Sclence Conceptual Schemes Project. These publications

are designed for use in standard sciemce curricula to
develop oceanologic manifestations of certain science’
topics. The publications include teacher guides, student

~activities; and demonstrations designed to impart ccean

science understanding to Charleston County high-schodl

,ctudenrs.

The members of the -ocean science staff include
Dr. Gary Awkerman, Director of Natural Sciences, Mr.- '
Michael Graves, Assistant Director of Natural Scienzes, and’ f

-Mr. Paul F. Teller, curriculum specialist in ocean science.

They were assisted by the following writing staff: Sister
Bernadette Kostbar, Ms .- Beverly Lauderdale, hsg Dorotﬁy
Bonnett Ms. Carocline Pearson, Ms. Pat Hayes, Mr. z=my Yon,
Mr. Nat ‘Bell, Mr. Steve Proctor, and Mr. Leonard nggln .
Principal typists 'were Me. Anita Sklnner, Ms. Robertaz Brown,

. and Ms. ‘Lynda Wallace. Without their cheerful, dedicated

“been ‘completed. - ’ o : o : . o .

efforts and excellent typlng, this progect could not have

L Speciai thank% are due to conqultanls Dr. Norman A.
Chamberlaln and Dr. F. J. Verpberg, whol contcibuted much

valuable information on tides and estuaries, respe “;VPLV.

'ZMS} Virginia Bolton plepared the cover drawxn s, Hr, Paul

o
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F. Teller completed the 1nterna] Fasu;es.
Gary‘L. Awkermau
Director of Natural Sciences



What kinds cf animais live in the sea? .

Objectives:

Coelenterates

At the end of this exercise, the student should be able to:

SXETCH the basic body form of coelenterate polyps and medusae.
LIST the three classes of coelenterates. ,
DESCRIBE the relationship of medusdid and polyp stages in each

of the three coelenterate classes.

DESCRIBE nematoccysts and the two factors regquiraed to cause
discharge.

DESCRIBE locomotion in the ccelenterates.
DESCRIBE feeding in hydrozoan and anthozoan polyps.

DESCRIBE feeding in hydrozoan medusae and in Aurelia.

-
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Compound iicroscope
Stereomicrescepe
Prepared microscope slides of:

a. Qbelia medusa

b. Obelia hydriod
Ry a

c. Gonicnemus medusa

d. Craspedacusta medusa

e. Aurelia schyphistonma

f. pPella ephyr

Preserved specimens or

plastic mounts of:

a. Sea anemone {(vari wuE sect
of Metridium)

b. Coral types

c. Portugese Man-of-War
(Siphoncphore) ‘

d. Astrangis danae, preserved

e. Sea Pansy

£. Aurelia medusa

e
Q
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Living examples of;

a.0belia hydroid (or cther
hydroids)

b. Hydromedusae {any)

c. Sea anemone (Metridium}

d. Jellyfish

e. Sea Panﬁy

f. Coral (Asrrangla agnae,,

chunks

Shrimp, clam, oyster

(fresh)

Petri dishes, syracuse

dishes, or small bow“s i
Individual slide bodxes

(for prepaved slides)
Depression slides and
coverslips

Artemia (brine shrimp)

eggs (vials)

Beaker (for brine shrimp
culture)

Air pump (cr extension

hose from main aguarium

pump)

Salt-water aquarium assemblies
(10 gallon)

Rubber gloves (palra)
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Classroom
Clasuroom

Rlologizal Supply Heouses

Biological Suunply Houses
{(Ward's #55W0L00)
{(Ward's #55W0k25;
{(Ward's #55W0300)

L)

Carcliina POM 8E&:
JLQLOWlCLL SJ)“ly Houses
Carolinag POM

i
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Woods Hele,
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Seafood house
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Classroom

Biological Supply Houses
Classroom

Housewares of any store
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15.

16.
17.
18.
19.

20.

21.

22.

23.

24,

Microslides (flat)
and coverslips

Beakers (560 ml,)
Dissecting .Kits
Beakers (50-100 ml.)
Glassg rods 1/8" - 1/4°

Bungen burmner (for
drawing roads)

Hypodermic syringe
or needle

India ink or carmine
suspension (bottles)

Filter paper, any grade
(disks)

Litmus powder (vials)

15

15

15

15

15,

15

15

Biologfical Supply Houses

" ’ 39

Class stock

Clgss stock
B%olagical_Supply Houses
Class stock
Class stock

Biological Supply Houses



Teacher introduction

.-
J

Ceneral _ - Y

The roelenteraces includs jelly- i

3

fish,‘sea ansmones, corals, and the

IS

familiar, Hydra. The corals joclude not
"only the animals whe build the great -

reefs of warm oceans, but also the

~yellow weed-like growths and the sea -
3 . - -~ ) D\R"RPOLYF’

- pansies that are often encountevred on
»
the beach.

The coelenterates exist in two
basic forms, the polypn and the medusa.
Polyps are sessile, tentacled forms
that remain in one place and trap an-
imals on their tentacles. Hydza is an

example of a ccelenterate polyp. The

medusae are umbrella-shaped animals

that live up.in the water cclumn,

‘ ' . ] . 54 HYDROZoAN
moving through pulsations of their \ 4 JELLYEISN=
i ; ‘ v . R MEduse
bell-shaped bodies. Their dangling _AFTER mKvLI vECH, 1967

1

tentacles'serVe to ensnare other
animals on which they feed. The medusa
is tﬁpified by the common jellyfishes.
In many cases, .the meqﬁsa”and
polyp forms aré parts cf the life cy-
cle of a single species. The polypSJ
are génera;lj asexually reproduding?

, sessile forms that bud off sexally
Q . ,

ERIC




>rgproducing, planktonic meddéae. This
existence of two vastly different forms
fulfilling gsexual and asexual roles in
the lifé cycle of a'singlé species is

called metagenesis. The medusoid and

pqiypoid forms show vafying'ddgrees
of dominéncé in the life cﬁclaﬁ of
different specles. . |
The class Hydrozoa possesses &
w;de range of comparative dominance of
the two forms"from absence of polyp
through equal dominance to abséﬁée of
the medusae. The genus Obells s 2
coelentérate frequently encountered
in biolog§ classes, The polyp phase
-is 8 branrhpd colony composed of many
A diverse individuals. It buds off wel;—
organized, éonspicuous medusae which
) CETTY out thg'sexuai reproductiye
funétions. Othef hydrozoans retain the
medusae on thé parent colony,'Othefs
have dispensed with medusae altogether
énd can. reproduce sexually as well as
asexpaily} Hydra fits the last cate-
gory; T ' ‘ .
Thé c1ass Scyphozoa incluﬁes the
large,jellyfishes, which tange from

# C o
]:R\(: a few inches to sevan feet in diameter

wll Toxt Provided by ERIC
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with tentacles over 'a hundred feet
long., In this class, the medusoid
phase ig clearly domineant. The polyp
form is almost microscopic. If axists
only_as'é body which buds off medusae.

It is not a highly organized entirty

as in the case of Hydra and Chelia.

-  The class Anthozoa.includes the
sea anemones and corals. Th:z medusold
- i

phase is absent ia the class and polyps
are capable of borth sexual and asexual
reproduction,
Body Plan
The polyps and medusae are beth

bullt on the‘same bagsic plan. The body
congsists of inner and outer walls sep-
arated by & jellylike mesopliea. The

"~ basic shape is that of a barrei, the

inside of the barrel being ralled the

gastrovascular cavity. One culd s5f the

barrel is closed off. The cutside sur-
face of this end forms the pedal disk
of Hydra and the sea anemones. The
medusa is like an inverted polyp. The
closed end of the barrel forms the
upper surface of the umbrella.

The other end of the barrel is

Q open, forming the mouth. The mouth is




surrounded by one or more whorls cof
] P ’
tentacles, each containing an exten-

sion of the gastrovascular cavity.

-The basic body plans of medusae and-

O

polyps are shown in figure 1.
b

Nematocysts

The tentacles of coelenterates
possess entities found almozy ne-

where else in the apnimal kingdow.

These are the nematocysis. Siinging
nematocysts are the bodies responsi-
ie for the painful brushes with jelly~
fishes by suwmer swimmers. Other ne-
matocysts Include adhesive celils and
snarés which entangle the pre&,
]

An undischarged newmatocyst con-

slsts of a bulb with a thread coiled

inside 4it. It dis contained within a

cell called a c¢nidoblast. The cnidoblast
possesses a bristle which acty as a
trigger for dischargé of the nematuocyst.
When a prey animal or a swimmer brushes
the bristle, the permeability of the
nematocyst wall changes. The nematocyst
swellg with water and the resulting
pressure cauées the thread to explode
from the capsule and hit the target oxr-

ganism. The nematocyst thread had been

ERIC
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coiled in the inside of the tube like

the finger of a rukber glove that nas

i=igie Y

been pushed down inside the palm of

the giove. When the nematocyst rup-

tures, the thread everts just s 1€

one had puffed the fimger of the glove

L SR AT ST LIRS T TR T TTIXA

Pack out »y blowing up the glicve like

a balloon.

a4 i} & . - ;]
The eversion of the nematocyst P
t
. . 4
thread exposes the varlous end struc— o B
{g'ﬁ%ﬁﬁé’ 1
tures of the nematccyst, These can con- Y, 3
: _ ﬁ i
2]
sist of adhesive ends, snares, or peinted \ h
‘?rm:‘g é
barbed tilips which penetrate the prey i
T and inject powerful toxins, The toxins g
0of some species, such as the Fortugese
Man-ocf-War, can cause severe pain in

human beings. The pain can ke so in-~
tense thaf the victim can be crippled
and may drown,.

The Classes of Coeclenterates

Class Hydrozoa

The hydrozoa include many common

coelenterates usually overlooked by HYDRA NEMATOCYST
(DISCHARGED)
the layman. These include the hydroids, AFLER BROWH,IG50
branched polyp colonies of various

sizes which are usually mistaken for

| X

seaweed. Under even low magnification,

the mistake is appavent. They appear
Qo |
ERIC!
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2s variously branched colonizs of one
or more types of individuals bLhat are
definitely animal. The most animal-
like members of the co1ony.are the
feeding polyps. These resemble mul-
titudinons hydras, with one cr more

whorls of tentacles surrounding a

mouth. There are alsc reproductlve

: SERTULARIA & :
po- -yps, which contain medusae which ;

will be budded off to swim away as
independent animals. There may alsc
be club-shaped defensive polyps with
their ends loaded with various types
of stinging nematocysts.

All of the individuals of the
colouy are connected by a common gas-

grovascular cavity. The feeding polyps

capture the focd and partdally digest
it. They pass the resulting broth into
the common gastrovascular cavity,

whence it circulates throughout the

entire colony. Various other members

of the colony will pick out their share
cf the bBroth and dige%; it in intra-~
cellular vacuoles similar to those of
protozoans,

The entire colony may be covered e R RCHEN PRUERIA

by a thin transparent exoskeleton which ‘ .
- SOME COMMON- HYDRO! DS (x})

AFrER BRARKTI & Yowce, ns¢




—

sheathes the branches. In some cases
the exoskeleton may stop at th; base

of the feeding polyps, leaving the
tentacles and mouths exposéd. In others
it may shéath the whole polyp, enabling
the polyp to expana out of the exo-~
skeleton and retract gquickly back dinto
it. There may even be an ezoskz2le.al
1id which will shut over the polyp, com~
pletely pfotecting it. The exoskeleton
also sheathes the reproductive indi-
viduals, forming a wvase-shaped covering

with a terminal pore thrcugh which the

young medusae may escape to the vcuen B
/ r/’ = 2
/ i 0 PO MNakis
sSea. /;// L. E.'_.,..-—- ! e
& 7
The medusae of the Hydrozoa are 7

small compared to the commonly noriced
Scygphozoan jellyfish. They range from

an eighth of an iach to several inches
in diameter. The lower margin of the
umbrella usually projects inward to‘form

a shelf called the velum. The gastro-

vascular cavity not only possesses the

barrel-like shape of the polyp, but

branches off in a serles of xadial canals HYDROZOANMN MEDUSAE
(B)ANT(B) FRON MEGLITSC
which resemble .the spokes of a wheel. «jFRON\RHWMONtfﬂg

These branch from the main cavity high up

ERIC
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in the uvmbrella and run down the side

b
to the margin., In the margin of tha
umbrella, or bell, they enter a ying
canal which runs all the way around
the 1ip of the bell.

The mesoglea of the kell of the

medusa is very thick &nd 1s responsible

foer the bulk of the animal., It is the MAKUBRIUM
. \\
thickening of this layer which gives '
//
the bell of both the hydrozcan and ﬁgﬁf ﬂ/
ch

. . r; ‘/(\?,)- {}m\ ¢ 1
scyphosoan medusae their charscsteristic ﬂ4&§p E-‘
. : N

'ﬁ GoNen 4-

o

shapes,

sy
" e . T e MELUNS
The mouth of the hydrozoan medusae 4 i

2=
S N I

opens at the end of a long tube called SRR
the manubrium, RING CANAL

The medusa moves by jet propulsion , ’ g

TENTACLE

which is especially effective in species
with a well-developed velum. Muscles of . , .
. ANATOMY CF 4 HYDROZ!
epidermal origin ‘are bzst developed” ' MEDUSA
LT SCH,1967)
around the margin of the bell. Contrac- (FROM ANEG ¢
tions of these muscles squeezea water

out of the subumbrellar cavity, pushing

the medusa in the oppaosite direction.

" A well-developed wvelum constricts the

O

subumbrellar opening and contributes to
th2 buildup of a2 mocre powerful effec-.
tive thrust of the ejected water, At

the end of a stroke, water re-enters the

ERIC
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tﬁe subumbrellar space and the animal
is ready for the next stroke. Contrac-
tions are rhythmic., The frequency of
contraction is determined by various
factors including 1ight, temperature,
ahd the presence of food,

The gonads of the medusze are
often seen running beneath the radial
canals. These shed eggs and sperm into
the water. The resulting zygote us-
vally becomes a flat, bilaterally sym-
metrical larva which attaches to some

solid nobject and grows inte & hydroid

colony.

Many hydrocids retain the medusa HYDROZOAN LARVA
(RFTER MEELITSC H,_‘_g_",r’ﬂ)

as part of the parent hydreoid. Still

other polyp stages have taken over the

medusoid function of sexual reproduction.

' Some hydrozoans have gone to the oppo;

site extreme, The medusa is deminant, and

the polyp stezge is insignificant or'ab~

sent. The zygote of some produces é_larva

which transforms directly into a medusa.

Very small polyps exist‘in Goniocnemus, a

common Atlantic medusa, and in (raspedacusta,
N L]

the only freghwater medusa im the United

States.

One order of hydfozoané merits



particular attention. These are the
siphonopho:es,.planktonic colonies of
polyps and atfaghed medusae. The fam-

; * Ty
ous Portugese Man-of-War (Physalia&@n

figure 2) 1s one of these. Locomotion
1s produced by pulsating, modified,
eattaclhed medusae whose collective
thrust is uéilized to push the colony
along. Other medﬁsae gay be reproduc-—
tive. Feeding 1s conducted by the
polypoid members. Other members of the

colony are modified to secrete gases

into a bag~like float. Most siphonophores

.can control gas secretion to sink be-
neath the surface in inclement weathe;r
bThe Portugese Man-of-War lacks this a-
bility and is always seen drifting on
the surface. Siphonophores may be gnite
large and may be of great beauty in

form and in luminescence. They are most-
ly tropical &nd subtropical in distri-
bution, but the stranded blué to purple
floats of the Portugese Man-of-War are
frequent visitors to the Atlantic shores
of the United States.

Class Scyphozoa

The scyphozodn medusae are the

large jellyfishes observed in ocean waters

CORMIDiIR

MUGGIAER

FEEDING
POLY R,

INDIVIL
CORMI
Shmesits
BXU AL
Reppops
MEMBER:
MAOUIFICS

MEDUSE

TENTHCLE

ONE.TRIL UNIT
(CORMIDIUM) OF
MUGGIREA

A SIPHONOPHORE'

(AFTER HYMANIYY0)
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iy

znd tossed up on heaches. The polyp
tage is restricted to & tiny lauval

“orm which is relatively dinsignificant S .

[}

{"Seyphistoma" in figure 2). The co-
‘ors of these jellyfish mav be ovange,

+ink, white, or almost any other hue.

‘hey are frequently met in painiul on-

~ounters in swimning areas in sal:g-
. , . )
rater, where they are kanown as stingin

attles or simply jellyfish. They are

m
S
\
——:u——""’—'l e
N\
&wm\ . 2
Lo e et
=
\:’:‘;-.‘ —_

vpically free-~swimming animals, but f
|
"ne order (Stauromedusae) which in- ;

abits the waters about borh poles /

11

2]
.

&5 2. The bell has been inverise

13

nd they ave attached by the upper

art of the umbrella to warious sta-
ionary ohjecte. The conmecticn may A SCYPHOZOAN JELLYFISH
FROM  PHOTOSRAPH
e direct or they may be attarhed by
stalk.
The bell of scyphbmedusae may be
‘hallow or deep. The margin is uéually
.calloped. They never have a velum,
‘hich marks them.off, iu company with
helr large size, from the small velum-
ossessing hydromedusae. The mesoglea
‘ontainsg wandering ameboid cells which

re not present in the sclely jelly-

tke hydromedusal mesoglea.

O

ERIC
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Jellyfish feed on various sozll

CIADULRR e

animals, from protozcans to iish ox J s

whatever other manageable zYaasrure Y HRRNCRE
s LI IV B
PRl CRRAL

s paralyzed by.their nemateocyats.

-

Some have abandoned tihe tentacularx

. 7~ T e e T :

method of capture and have become strictiy RURELIR AURITR - CRAL VEW

plankton feeders ecating planktoun trapped AFTER BIORRELRILE £ AL 176!
(AT T)

under the bell as the animal sinks. Mucus /

on the bell traps planktoniaz forwms, The

o

i)

trappled plankton is licked off the heil
by extensions of the mouth called oxal

lcobes. The food is carried %o the mouth

[N

along ciliasted groves on the underside
r

ERRLY ¥COLYP STOGE

of the oral lobes. Thig is the case in

Aurelia, a commonly studied jellyfish. \\
Reproduction is through production : N
Gi ©RggS an mw, u 1y by diffe St
J .gg nd sperm, usually by tferent &%wwﬁéﬁ
el nv;‘ﬁk‘"’%’" 42

individuals, The zygote forms & flat, %

. SOYPHISTOMA
bilateral Jarva as in the hvdrozea. The i
B ‘ &y
laxrva settles to the hottom to bacome a 3
¢

tiny polyp {Scyphistoma) strdngly ra-
sembling Hydra. Medusae are produced by
transverse figsion of this polyp into

a pile of larvae which lie stacked on

top of each other like a pile of szucers.

As each larvs, called an ephyra, com-

pletes development, it breaks away and ok SCYFHIrTaath fE%mwﬂ
) LARVAR
develops inte an adult medusa. A L [oRARLEHD,

AURELIA BURITA ~ DEVELQPMENT

AFTER BORBRADAILE &7 Ai, 7948

O
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v bud

]
1y

istome ma S enhvree for

scyphi
Several vears.

Class

Anthozoa

The anthozoans have ngo wedusoid

stage anywhere in the class. They

are strictly polypnid forms capable

. §
of both sexuzl and asexuval reprodoc-

ggﬂ %

iF,
c._-

tion.

The anthozoans way be consicderad

the most important coelenterate group,
» [t

CEA ANEMONE
ERQM SHARREYTEY:
858

if for no other reason tnan thay lu-

clude the reef~building corais. Coral

reefs are dominant feattres of ocean

geography throughout the tropical ar:ti

o

of the world. The anthczosapns zlaoc in-

clude sez

ansmones and sen pansies,
commorn deniczens of the Arflantic coasi,
The anthozezn polyp is wuch morae

complex than the polypeoid stages of

the other two classes. The mouih uvpens

into a well-organized pharynx oceupving

much of the gastrovascular cavity. The

cavity itself is divided into a series

of longitudinal sections by partitions Om CARSONIC

running its length. The partitions
<] g p »

called septa, have nematccysts along

their edges. The mesoglea is cellular.



The ‘important Anthozoan groupsz

Sea Anemones

Sea anemecnes are sclitavy antho-
zoan polyps ranging from a centimeter
to a meter or more in diameter. They

appear as a heavy stalk crovwned by a

ve in coasital

-

ring of tentacles. They 1
waters throughceut the world, but are
most abundant, varied, and coloriful in
the tropics.

Several epecies of sea anemanes

are selected as companions by hermit

crabs which place anemones on their

R » 5 T3 % T PO
shells and - -travel about with them AERIAIT CRRAD werH TEA

AREMONT, AETE A Nicek, 1§67
attached. The anemone csmoufliages the

crab as well 23 bheing a formidable foe
to potenfial hermit cral gourmets. In
returi, the anemone gets carried Into
new areas where it may find more prey .
to get trapped in its tentacles. It
also may share the hermit crab's meal.
Uther crabs carry a palr of small

anemones held in their clawsz like box-

ing gloves. They present the unpleasant

rings of anemone tentacles to potential

CRAB CARRYING SEA
ANEMONES, AFTER
Nireol, 1967

predaters.
The sea anemones eat various in-

1 vertebrates which stumble onto the ten-
Q

[ﬂ{U: tacles. Larger species can catch f£fish. The
Phrir o e



large anemcnes are sometimes alded in
fishing by the existence of wvarious
small fiéhes which are immune to the
nematocysts of the tentacles. These
small fish live in and arouud the ten-
tacles of the sea anemcue and probably
act as bait for larger fish. ¥hen an
animal is trapped by a group of ten-
tacles, other tentaéles jein the ini-
tial omes and all fold téwa;d the mouth.
The prey enters the anemene whole and

is digested in the bag of the body. Some
anemones8 ave cilicry feedefs. Beating.
cilia set up feeding currents which en;
trap small oxganisms om mucus cn the
anemone's surface and propel it to-

ward the mouth.

Sea anemones may move abégt by
gliding on the pedal disec, walking
about upside dowu on their téntacles,
or by floating.

A common method of reproduction

v

is called "pedal laceraticn%. 4 the
anemone moves along, parts of the pe-
dal disc are left behind tec grow into
new anemoﬁes._The anemones wmay alsoc
repréduce Sexually. Gonads may change

o "ex with age in he:maphroditic'species.

ERIC
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The Cérals

The stony or madreporian corals form
the greaf reefs and coral islandes ef the
worid. Coral.reefs form local centers of
high prqductivity in the'midst cf the deep
sea, Which is generally a2lmost a desert
compared to coastal regions.

The polyps of the corals stroagly re-
semble ses anemones; However, the stony
corals lay down a calcium carhonate skele-
toﬁ. The polyp sits in a cup in this skele-
ton. On the east coast of the United States

the star coral, Astrangia danse, is very

common as small coral clumps attached to
shells and other flotsam. You have no

doubt picked up pieces of shell with stony

lumps on them containing holes almost en-

;irely filled with thin radiating septa.
These are the skeletons of star corals. The
fine wails of calcium carbonate fit into

the walls forming the longitudinal parti-
tions of the anthozoan gastrovascular cavity.
In large colonial corals, the cups are of-
ten confluent. This 1is the case in the brain
corals of the great reefs. In the brain co-
rals, rows of cups are separated but indi-
vidual cups in a row are comnfluent.

The bodies of the polyps are also

STAR CCRAL Wit ooLyr,
EXvPanme D, FROMm A PRETC

A CUp CORAL,FROM
BAaRRETT & YONGE, [958
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connectad in the colonisl corels., Thig iz =2
gimilar conbection to the one in hyu}oids
but it is lateral instead of cowing from
the bottom of the polyps. The gastronvascu-
lar cavities are confluent, so¢ one fseding
.
polyp still passes nourishmént throughout
the colony. The wmethod of feeding i3 both
catching and eating large corganisms and
ciliary fﬂedingvsimilar.to that nf.scme
anemones. .
The coral animals uéually contain sym-
biotic algae which are imporcant to the
animals' existence. For this reason, most
réef~building corals iive in wakter no morer
than-300 feet deep.(Tﬁis is fhe greatest
depth at which the symblotic algae can car-
ry on phoLosynthesis at a sufflcient rate
to supply the needs of the coral.

Other corals include he sea whips,

sea pene, gsea pansies, and organ corals.

""These corals are branched and always pos-

sess eight-tentaclés. The skeleton is in-—

ternal imstead of external, and is either

‘calciuom carbonate or a horny substance.

These corals possess differing growth

forms and may be»hard~br soft, but they are

all classed as alcyonatidn-corals.

l

o‘f'.
e n‘!

L b J’

THE qpsymROvasci .
Cavivies oF COLOMIZ:
CORRAL TOoLYPS ARE

N

""\

CONNECTED.

A SEA PEN,ONE OF

THE RLCYCNARIAN
CORALY, RFTER MACGINITIE

AND MACGINITE, 1968
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Coelenterates and Men

The corals are by far the most im-

portant of the coelenterates to wankind.

However, the ptedations of bott hydroids
' /

and medusae on the planktonlic stages of
’ P 8 AF?UOLCHH!CIJLANDISBORM

commercially valuable marine animals
should not go unmentioned. Medusae often
feed in prodigious numbers in inland wa-

ters at a time when l1arval fish, crabs,

shrimp, and other commercially important

Iy

animals are trying to struggle to adult- 5 35 ERUPTIONS S0as:DE, R CORAL
’ RIEE SEGING TO GRIW RROUND
hood. THE T3LAND.

The reef-building corals have built
islands and ring-shaped atolls through- i S
out the Pacific on top of volcances which Xfﬂ ‘{

ave s { e ‘ . i ‘ ,
h subsided into the depths. Islands of s THE SEAFLOOR sua§IpES (SINKS)

‘ 1T, VHE

' CinG FNE ISLAND WITH IT,

coral or coral and weolcanic origin have Z&ﬂm o Row QWC""-::‘
EroGH To STAF AT THE :Ug};rgéz

beem the sites of development of whole I# IS Now wesBLL QY TH RE ISIAND -
AY R Dl’."v-ﬁuv’c'al.' S:rz Foom THE
& FRINGING RESS
civilizations in the Pacific. In the

Atlantic, the Bahamas and othexr tropical o ‘
paradises are largely built of coral. »ﬁ
The beauty and productivity of the } {}

coral reefs have paid huge dividends for

MR,
y THE JSEAND CONTINUES TO &

£ THE
man. The beauty of the reefs, coupled with ﬂm“"“?ﬁgﬁ;ﬁ?;ﬁuaowr
YOLCANIC £
: EMABINS RT
) RING OF CORARL R LLED
the magnificent scenery and the often lush . iﬁéﬂmmcﬁrwwumsmcé
. - N t

Av ATOLL.
vegetation of the South Pacific volcanic

and coral islands have made these islands CHgﬂLESDHRW“ﬁ'ﬁMORy

rup oRIGIN OF CORAL RYOLLS
an idea of paradise for people the world of .

O
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over. The reefs, like oases in the vast
desert of the tropicel hid—ocean,_haﬁe
supplied food of great varlety for the
inhabitants of these i1slands. In situa-
tions w?ere a volcanic island was sur~-
rounded by fringing reefs, the rich vol-
canic soil was responsible for a lush
and varied plunt growth which inaluded
the famous coconut; The diet of the ear-
ly inhabitants of the islands was richly
varied with plants supplying the neces~
gsities of fresh green vegetables and the
reefs supplying fresh animal protein of
myriad kinds. Hawail was once such a

civilization.



Coelenterate activities -~ Morphological studies.

Preparation

1. Keep the prepared slides of coelente-
rates in plastic boxes. Each of 10
boxes should have a set of 6 slides
of the coelenterates.

2. Give a short lecture from the teacher
introduction, illustrating the lecture
with the transparencies of coelenterate
types.

3. Pass out the prepared microscope slides
of coelenterate types.

4, Pass out the rpreserved and plastic-
mounted specimens.




Activity 1. Hydrozoa. (Biology)

1.

The class should flrst study the hy-
droid phase of QObelia. They should
note’ the tentacles and mouths on the
feeding polyps and emerging medusae

on the reproductive polyps. The re-
pProductive polyps will appear as vase-
shaped bodies without tentacles. The
reproductive polyps will show bumpy
protuberances from their main stem. The
bumps will be developing medusaze. The
general appearance of feeding and re-
productive polyps is shown in the left-~
hand side of figure 2 in the illustra-
tion of the hydrozoan 1life cycles.

The class should now study the medusae
of Obelia. They should note the tenta-
cles, mouth, and gonads. The illustration

of the anatomy of a hydromedusa will be
of help here. The mouth of the medusa

is located at the end of a long tube.
The gonads appear as opaque objects on
the under surface of the umbrella. They
should realize that these gonads are the
sexual organs of the medusa, which is
the sexual phase of the hydxoid. The
medusae produce ciliated larvae which
grow into new hydroid colonies.

The class should also look at Goniomnemus,
another marine medusa, and at Craspe-

dacusta, the only freshwater medusa. In

these medusae, the polyp stage is much
reduced and solirary. Hydra is an exam-
rPle of medusa suppression, and should
have been studied previocusly in the co-
elenterate section of standard texts.

The class should now turn to the study
of Phvsalia, the Portugese Man-of-~War.
This is one of the siphonophores men-
tioned in the teacher introduction. They
should note ‘the gas~filled float which
keeps Physalia on the surface and the
nutritive polyps, from each of which
hangs one long tentacle. They may also
discover reproductive polyps hanging
beneath the float. The similarity of
Physalia to a floating hydroid should
be stressed.



Activity 2 - Scyphozoa

1.

The class. should now stucdy the life -
cycle of Aurelia, beginning with the
medusa. ,

They should take note of the generally
larger, more complex appearance of .
the Aurelia medusa. The mouth is sur-
rounded by four long frilly lcbes ex-~
tending out from the center. Aurelia
traps microscopic food particles on

the umbrella. The oral lobes lick them
off and carry them to the mouth. The
gonads occur as more or less circular
organs clustered around the mouth. They
should realize that the product of the
gserxual reproduction of Aurelia medusae
are aseXxually reproducing scyphistomae.
Eight prominent light-sensitive and
balance organs called rhopallja are
present around the edge of the bell,

. The class should now look at the slides

of the Aurelia scyphistoma. They should
note the feeding tentacles and the
ephyrae larvae being budded off by the
scyphistomae. The developing ephyrae
live nested within each other like
stacked saucers. The class should fol-
low the stack from the bottom to the
top. If they examine the stack care-~ .
fully, they will see that the edges of
the protruding ephyrae become more com-
plex near the top, developing fringes
and finally a series of obvious arms
with notches in their ends.

The class should now examine the slides
of ephyrae. These are the larval stages

.of Aurelia which have budded off from

the scyphistomae. They should look
closely at the eight arms of the ephyrae
and compare their notched ends with the
notched edges of the budding ephyrae on
the scyphistoma. This will help them to
see clearly how the ephyrae arose from
the scyphistoma.

The class should identify the mouth and
arms of the ephyra and examine the lar-~
val rhopallia. The ephyral rhopallia
appear as small pegs at the ends of the
inner, comparatively opaque portions of
the arms, just below the notch in. the
ends of the arms. A quick glance at the



adult medusa will show a fleshy pro-
jection on either side of each rho-
pallium called a rhopallial lappet.
The split ends of the ephyral arms
are the larval lappets. Completion

of the adult umbrella comes about
through growth in the angle of each
pair of agrms. The growth begins in
the angle and spreads outward to fill
the 8space between adjacent arms. This
growth, in company with maturation of
the gonads and development of tenta-
cles and other structures, results in
a well-formed adult Aurelia.




Activity 3. Anthozoa (Biology)

1. The first anthozoan ( :lower Animal")
in the present serles %4 the sea ane-
mone, Metridium. The .._st obhvious
"difference between sea anemones and hy-
droids 1s that the anemone is solitary,
like Hydra. However, 1t is a much more
complex animal.
The class should first examine the
longtitudinal section of the sea ane-
mone on its uncut side. The character-
istic appearnace of the anemone is that
of a short, heavy stalk crowned by ten-
tacles. In the midst of the tentacles is
a comparatively flat area called the
oral disc. In the centexr of the disc 1s
a slit-shaped mouth.
The class should turn the longitudinal
sectlion over and examine. the cut side.
They should first examine the wall of
the sralk. It is much thicker near the
bottom and thinner near the top. The
thick basal portion contains small pores
through which water escapes when the an-
imal contracts. The top of tke stalk
shows a definite feld inward. This fold
is known as a collar. It covers the sea
anemone when the animal contracts. '
One of the most obvious internal fea-
tures is a2 definite tube extending well
into the gastrovascular cavity from the
mouth, The possession of this pharynx
18 a major difference between hydrozoan
and anthozoan polyps.
The body wall is highly folded, as re-
vealed in the longitudinal and tranverse
sections. The folds are called septa.
These increase the surface area of the
gastrovasculaxr cavity. The inner edges
of some septa are divided intc three
lobes., The upper lobe is flagellated and
alds in water circulation. The middle
lobe contains nematocysts and digestive-
gland cells. In Metridium, a filament
runs down the inner edge of the lobes
and extendes into the gastrovascular ca-
vity as a thread. These threads are evi-
dent in the bottom of the longitudinal
section.

2. The other important anthozoans aré the
corals. The class should now study
Astrangia danae, the Northern Star coral.
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The most obvious d Te

Medtridium and Astrengia 1s that the
coral is coloniszl. The students should
take partidcular note of the tissce
sheet connecting the polyps., Within
this sheet is a hollow space which is

a continvation of the gastrovagcular
cavity of each polyp. It is confluent
with the gastrovascular cavity of
nejighboring polyps. In this manner,

the cavities of all pelyps are ccnpec-
ted with each other and food ingested
by one 1s shared by all.

One cr more of the cups in which the
corals rest will probably be varant.

If not, pull a polyp frew its cup. The
interior of the cup shows thin, radia-
ting partitlionsg of limestone, Each par-
tition fits into the interior of ou=

of the characterlstic anthozoan gastro-
vascular seépta. There will be sevevral
series of these partitions, each ocne re-
presenting a gastrovascular septum, This
partitioning increases the surface ares
in the gastrovascular cavity of the
coral polyp.

The cup, or theca, in which the corzl
regts is imbedded in the general lime-
stone matrix of the animal. It supports
the pclyp and serves as a home into
which the aniwal casn contract in times
of danger.

'The tiny corals can build enormous reefs,

as already mentioned. The colonles exist
in many different forms. The plastomount
of coral types sheows only six of the

many forms these colonies can take. The
shapes are 8o distinctive as to mevit com-
mon names such as brain coral, staghcrn,
or organ-pipe coral (Tubipora in the
Plastomount) .

The sea pansy, Renilla, is a common den-
izen of our shores., The purplish, heart-
shaped colonies may be found in great
numbers on some beaches after heavy
storms. The specimen on hand has expanded
polyps to show its membershilp in the
corals, The class should also be informed
that living specimens can be beagutifully
luminescent. In these soft corals the
skeleton is internal and £Ls not as pro-
minent as the external skeleton cf the
stony reef-building corals.



5. Each team of 2 students should take
a2 small piece of living A. danae back
to their desks in a bowl of seawater.
The dish should be placed under the
low power of the stereomicroscape.

6. When the polyps expand after alarm
caused by transfer from the class
aquarium, a quantity of Axtemis should
be introduced to the dish. Each tesam
should look Ffor incidences c¢f capture
of the Artemia by the coral polyps.

7. If the Artemia products are net ob-
served moving between polwyps, coat a
little bit of ground seafood with 1it-
mus powder and offer this to the coral.
Careful observation should reveal the
color of the litmus moving through the
fleshy layer between polyps. Coating
the food with carmine particles may
work as well,

8. The sea pansy Renilla 1s s soft coral.
The colony appears thick and solid,
but there are water currents passing
through it which keep it turgid. Cet-
tain members of the colony are adapted
as pumpers which suck in water and
flush 1t through the whole colony.

"9, Each student team should take a sea
pansy from the class aquarium and put
it in a bowl of seawater to take it
back to his desk. The colony should be
examined under the low power of the : CIRCULATION IN A SER PaNss
stereomicroscope. e RFTER BROWM, 19850

10. When the polyps re-emerge after con-
traction durlng transfer, a little
india ink or carmine particles should
be squirted into the water near the
upper side of the pansy ai the apex.
The teams should look for: ‘

a. The drawing in of the ink or car-
mine by some individuals on the
apex. :

b. The ejection of the ink from other
pores near the stem of the animal.




Coelenterate activities - Behavior of living animals (Life

Preparation

1. A1l animals should be ordered at least

four weeks before the date when they
are needed. Request dellvery a few days
before you plan to hold the exercise.

Set up two l0-gallon salt-water aquaria
as outlined in the appendlx on salt-
water aquaria. The aquaria should be set
up a few days before the specimens arrive.
Adjust the temperature to 50°-65° F. for
northern shipments and abeout 70° F. for
southern shi»nments.

When the animals arrive, they will pro-
bably be in plastic bags. Put the bags

in the aquarium for an hour or so to

let the temperatures of the bag and
aquarium water gradually equalize. If

vyou open the bags carefully, they will
float against the side of the aquarium
and not turn over: This will aliow fresh _
air to reach the specimens while the
tenmperatures are equalizing. .
After an hour or so, the bags should have
reached the prevailing aquarium tempera-
ture. An additional precaution may be
used. Over a period of 15 minutes or more,
slowly replace emall portilons of bag water
with that from the aquarium. After this
£final precaution, slow submergence and
tilting of the bag will sllow the animals
to slide gently from the bag to their
assigned place in the acquarium.

If the animals have arrived early, 1t
would be advisable to feed them. Offer
them small bits of minced oyster, clam,
fish, shrimp, or other seafcod. Make sure
you remove scraps of food before they have
a chance to decay and foul the water.

Before conducting activities on feeding
methods the animals should not be fed for
a few days. This will help iu itrying to
elicit feeding responses from them.

The larvae of the brine shrimp, Arxrtemia,
will be used for feeding experiments with

Science)
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hydroids and medusae. Thesa shrimp
should be started ia culture at least
36 hours before the experiments are
conducted.

The culture of Artemia ig a simple
process. Spread the floating eggs on
the surface »£ a pan of salt water.
The vial ¢y package of brine shyimp
eggs will uwsually give explicitc di-
rections.

In the OSCSP laboratory, Artemis are
ralsed successfully bty fil
large beaker (500-1980 ml.
ter from the aguarium and putting an
aquarium air stone on the bottowm. The
brine shrimp eggs are snrinkled on
top of the rapidiy moving water. They
usually start hatching by tihe fcllowi
morning. These eariy shrimp are the
smallest stage of Artemis. They serve
as usable fcocod fer hydrolds and
nedusae.
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Activity 1

1. To each group of 2 students, distribute
the following:

a. l.petri dish, syracuse dish, small
bowl, or other container suitable
for use with the stereomicroscope.

b. 1 beaker (500-600 ml) full of arti-
ficial seawater from the aquarium.

c. 1 depression slide and a coverslip.

d. 1 flat microscope slide and a cover-
slip.

e. Each group should already have a
scalpel, scissors, forceps, droppers,
and needles from their dissecting
kits.

f. 1 stereomicroscope

g. 1 compound microscope

h. A small beaker (50-100 ml) of brine
shrimp larvae.

2. Each team should secure a piece of hy-
droid and a medusa or two from the class
marine aquarium. These should be placed
in their containers, which have been
filled with seawater from their beakers.

3., Each group should study their hydroids
and medusae under high and low power under
the stereomicroscope. They should look for:

1. Movements of the hydroia tentacles,

2. Any vigible movement through the stems
of the colony.

3. The pulsating movement -of the medusae.
4. Entrapped food organisms in the medusae.

4. A few drops of Artemia culture should be
added to the dishes containing the hydreids
and medusae. Under low power of the stere-
omicroscope, each group should lcok for
incidences of capture of Artemia larvae by
the hydroids and medusae. When a capture is

ERJ(? identifiéd, they should turn to high power




and study the process of ingestion.
They should look for tentacle move-
ments, what the mouth does, and what
happens to the Artemia after they en-
ter the predator bodies. Are they di-
gested, right away? Are they stored

in Bome way?

After .this initial study, each group
should snip off a small portion of the
hydroid colony and put it in a de-
pression slide. If the polyps on the
slide are empty, the groups should add
a few Artemia and try to see a cap-
ture under the low power of the Com-
pound micrescope.’

Under the low power of the compound
micrescope, the groups should observe:

a. The knobbed appezsrance of the
nematocyst-studded hydroid tentacles

b. Any movements within or on the body.

c. Reproductive polyps. They should es-
pecially look for any:imovements of
developing medusae oun the stalk of
the reproductive polyps.

Under high power, the students should
look for nematocysts in the tentacles and

scan the body gemnerally.

The groups should now study the hydro-~
medusae, The medusae should be left in
their bowl while their swimming movements
are observed under the stereomicroscope.
After watching the swimming movements and
possible ecapture of stray Artemia still

in the dish, each group should cut off the
bottom of the bell at the level of the
velum to gee which contracts, the lower
margin of the bell or the bell itself.



Activity 2 - Scyphozea

1. The class should now study the 1ife -

cycle. of Aurelia, beginning with the
medusa.

They should take note of the generally
larger, more complex appearance of

the Aurelia medusa. The mouth is sur-
rounded by four long friily lobes ex~
tending out from the center. Aurelia
traps microscopic £ood particles on

the umbrella. The orzl lobes lick them
6ff and carry them to the mouth. The
gonads occur as more or less circular
organs clustered around the mouth. They
should realize that the product of the
sexusl reproduction of Aurelia medusae
are asexually reproducing scyphistomae.
Eight prominent light-sensitive and
balance organs called rhopallja are
present around the edge of the bell,

The class should now look at the slides
of the Aurelia scyphistoma. They should
note the feeding ¢tentacles and the

ephyrae larvae being budded off by the

scyphistomae. The developing ephyrae
live nested within each other like
stacked saucers. The class should fol-
low the stack from the bottom to the
top. If they examine the stack care-~ _
fully, they will see that the edges of
the protruding ephyrae become more com-
Plex near the top, develeoping fringes
and finally a series of obvious arms
with notches in their ends.

The class should now examine the slides
of ephyrae. These are the larval stages
of Aurelia which have budded off from
the scyphlstomae. They should look
closely at the eight arms of the ephyrae
and compare thelr notched ends with the
notched edges of the budding ephyrae on
the scyphistoma. This will help them to
8¢e clearly how the ephyrae arcose from
the scyphistoma.

The class should identilfy the mouth and
arms of the ephyra and examine the lar-
val rhopallia. The ephyral rhopallia
appear as small pege at the ends of the
inner, comparatively‘opaque portions of
the arms, just below the notch im the
ends of the arms. A quick glance at the



Activity 3

1. The first part of this exercise is
best conducted by using the sea
anemones in the class aquaria.

2. A few pleces of clam, shrimp, or
fish should be squeezed by wringing
in a plece of cheesecloth or other
convenient method tc extract the
juices., The seafood juice and meat
should be introduced to a sea ane-
mone (Metridium) in the following
ways and the responses of the ane-
mones should be recorded. If one ane~-
mone -accepts a morsel, move to ano-
ther for the next step.

(a) Tear off a small piece of £il-
ter paper and place it gently
on the tentacles. A contact
that is too severe may cause
the anemone to centract in a-
larm.

(b) Soak a piece of filter paper in
the juice of the food organism.

(¢) Drop some of the pressed=-out
meat onto the tentacles.

(d) Drop some untreated meat onto
the tentacles.

3. Drop a few grains of aquarium sand on-
to the oral disk of an anemone., Watch
it and time how long it takes the ciii-
ary currents t9o sweep tine grains off
the disk. Metridium is a ciliary feeder
as well as an eater of large food par-
ticles. The cleaning of the sand grains
from the oral disk 1is accomplished by
a reversal of the beat of the cilia
around the mouth. They beat outward to-
ward the edge of the disc to drive off
the grains, instead of inward te bring
food particles toward the mouth.

4., The star coral, Astrangia danae, may
serve ag a iiving example of the stony
corals. Expanded polyps of this species
willl be 8-10 mm. high and 4=5 mm. in
diameter. The transparent polyps serve
nicely for studying feeding.




Activity 4'

1. Remove a few séa anemones from the
aquarium. The number will be deter-
mined by how many anemones will be
needed to supply 15 small pieces
containing several tentacies eacr. At
this time, the class should bte heat-
ing glass rods and pulling them out
to fine hair-like tips.

2. Remove a total of 15 small pieces
from the crowns of tentacles and put
each one into a dish of seawater sup-
plied by each student team. '

3. Fach team should return to their desks
and remove a tentzacle from their ane-
mone sample. A pair of scissors cr a
scalpel may be used for this. They
should put the *entacle on a depression
slide and cover it with a drop or two
of seawater. They should not be covered
with a coverslip. The slide should be
obgerved under the low pcwer of the com-
pound micrescope.

4. Each team should try the following ex-—
periments and record whether or not the
experimental procedures evoke nematocyst
discharge. The dischaxge of nematocysts
will be seen as an explosive eruption
of the nematocyst thread across the slide.

a. Brush the thread-like end of the
drawn glastc rod along the surface
of the tentacle.

b. Poke the tentzcle a little more
forrefully with the rod.

¢. Remove a hair from the head of a
volunteer and brush it along the
tentacle surface.

d. Put a drop of seafcood juice or sa-
liva in the water with the tenta-
cle and brush the tentacle with the
clean glass rod.
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What kinds of animals live in the sea?

Preotozca

Objectives:

At

1.

the end of this unit, the student should he able to:

" IDENTIFY a radiolarian, foraminiferan and a tintinnid

in a chart of various protozoans.

MATCH a list of test materials to the correct group of
Protozoa in a second list.,

DESCRIBE the methods of feeding and locomotios in the
foraminiferans, radiolariams, and tintinpids.

IDENTIFY radiolarian and foraminiferous cozes oun an
unmarked chart of ocz2an bottom sediments.



Teacher Introduction

For years, you have nrobably taught
your students the fundamentals of Ameba

and Paramecium. This group of exercises

will introduce your students to some
beautiful relatives of the Ameba, the
radiolarians and foraminiferans. They will
also study the ciliate tintinnids, relatives

of Paramecium,

The foraminifera and radiolarlans are

not as important now as they were at cne

time. The bottem of the oceans in some

areas is .filled with trillions of the

£ FEEDING FORAMIN!

fossilized‘shells of these relatives of the

ameba.

The foraminiferz secrete shells of

calcium carbonate (lime) or tectin, an e
organic matrix with imbedded grains of sand. ' ‘

The shells consist of perforated chambers

housing the protoplasm of the animali. Scme UNILOCUL AR

Species secrete only one chamber and are
calléd unilocular foraminiferans. Others
secrete many chambers. The protoplasm
overgrows old chambers and secretes‘ﬁew
chambers ag its surface. These are the
multi-locular ferams. The successive

_ UL m.qc‘UL'“ .
chambers may 1lie in a straight line like &

FORAMINIFERAL SHELLS (TESTS



O

set of beads, overlap to form layers like
an onion, or they may be laid down ia a
spiral, resulting in a snail-like foram.

Globigeriﬁa lays down spherical shalls that

lie in a gpiral pattern. All these different
configurations will be seen on the slides
of the foraminifera.

The shells of the forams sre perfor-
ated, with pseudopodia extending through the

perforations. Unlike the pseudopodia of the

Ameba, those of the forams are very finely

branched and interconnected. The difference

gives them a new name: reticulopodia. The

hegvy, blunt pseudopodia of the ameba are
called lobopcdia. The reticulopodia of the
%orams act as traps for the bacteria, algzz,
and protozoa eaten by these organisms. The
reticulopodia are very sticky, and prey
organisms adhere to their surfaces. A gran-
tlar film of mucous~like substance on the
surface of the reticulopods quickly coats
the surface of the prey organisms. This
coating helps to paralyze‘the prey and may
also start digestion even as the new meal
is being taken to the interior of the animal.
Movement in the forams differs from

that of the Ameba. Whereas the Ameba moves




by flowing movements of its thick lobopodia,
the benthic foraminiferans creep slowly
along the bottom by pulling themselves with
the retichlopodia. The pelagic forams
probably show little locomotory powers. The
Aremarks here will serve well for the group
as a whole, because pelagic foraminiferans

are quite rare. Globigerina 1s the most

common pelagic foraminiferan genus, and it
is 80 rare thét its distribution cannot be
worked out satisfactcrily.

Pelagic forams were not always so
rare. Thirty-five percent of the ocean is
covered with thick deposits of foraminiferal
ooze which f{s composed of the shells of dead
foraminifera, usually din associafion with

the calcium carbonate remains of a group

of algase called coccolithophores. The rela-~

MUCN OF THx OCLRN FLOOR
I1ISCOVERED \WiTk THE REMBING
OF FORAMINIEERANS.

tive abgndance 0of certailn specles of for-
aminiferans in a core sample taken from the
ocearn bﬁttom can be used torcorrelate the
date of the cores from different areas. The
abundance of varlous species indicates cli-
matic changes resulting from various stages
of glaciation on the.conuinents. The use of
forams for dating cores 1s very useful iq
the searcﬁ for undersea oil. '

ERIC
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The chells of foraminiféra have been
found as nuclei of mangaﬂese nodules on -the
ocean floér. These nodules are the object
of much sbeculétive deep sea mining theory
because they represent a potential source
of great mineral wealth to the world.

Radiolarians are relatively large

marine protozoans, reaching diasmeters of
several centimeters in some colonies. In-

dividual radiolarians can reach several

millimeters in diameter. The radiolarians
are predominantly planktonic, in contrast R SIMPLE RRDIGLARIARN
to the predominantly bottom-dwelling for-

aminifera.
- CENTRAL cgps

CALYMMA

The rediolarian body 1s usually
spherical and divided into a cyloptasmic
cuter portion, the calymma, and an inner

nucleated portion called the central capsule.

A distinct membrane surrounds the central

capsule. The cytoplasm of the central cap-

sule 18 continous with that of the calymma

through perforations in the caprular membrane.
The calymma contains several forms
of symbiotic algae called zooxanthellae.
These organisms are capable of photosyn~
thesis and probably act as a primary food

scurce for the host, obviating feeding when




the radiolarian 1is in bright sunlight. fhe
celymma also comtains several vaﬁuolés;of
varlable size. -fhese have been thought to
contain léw density fluids that help in
souying the animal as a whole.

The pseudopods are of two prinéipal
types. One type is fine and needleshaped
with a central axial rod (axopodia}). The
other is composed only of cétoplasm and
*és pointed ends (filepodia). Both types
riginate in the central capsule dr just
outside if and pass through the calymma
as dense cytoplasm.

The radiolardans' claim to fame 1s
their skeletons. These are among the most
Feautiful structures in the living wozrld.

.They are usually composed of coumpounds

cf silicon and are of twe types, radiating
and lattice. The radiating tyze of skel-
eton is composed of long needles or;ginat—
ing from a common center inm the centra&l
capsule and pgssing through capéule and
calymma to the surface of the body. Their
exit points frdm the body are surrounded
by contractile fibrils which cen move the
spines and cause the entire calymma to .

2xpand or contract. The expansion and

AXOPODIUM

COVTRRCTIL
F!S&\!\LJ

PURNTHOMETA ~ 4 RenILARIAN

WitH qRARDIRTIMNG SKALETonN AXAPIDIA
AND SYMBIOTIC ALGALE, (4FTAR MEGLITSH
7909



Qdﬁé?action of the calymma in conjunction
;ith the changing of the size of the czlym—
mal vacuoies can help the radiclarian con;
trol its depth.

The second skeletal type_is a delicate
latticed sphere. These may exist singly
or in concentric layers like carved Indian
ivory balls. These delicate, lacelike
structures can bhe fufther sculptured or
armored in all imaginable ways, and one orx
more shells may possess long barbs which
change the skeletal shape from a sphere to an
elongated form like some delicately carved
gazebo or pagoda. You and your class will
soon see these forms on the prepared slides
in the activities in this unit.

Feéding in the radiolarians resembles
that of the fo;aminiferans. Prey oxrganisms
become attached to the sticky axopodia or
filopodia. They are covered with the gran-
ular slime film on those crganelles and
drawn into.the body; bigegtion occurs in
the calymma of the radiolaria. In bright
sunlight, feeding is probably net required
because of the activities of the zooxan-
thellae on the calymma.

The pseudopodia of the largely

TWO TYPES oOF LATYICE
SkeLETONS IN THE
RADIOLAR1ans. {FROM
BaknEr 19¢ 4
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planktonic radiolarians are used for
feeding, not locomotion. The éxpansions
and contractiéﬁs of the cslymme and the
varying calymméi vacuoles enable the
organisms to move up or down through the
water column.

The siliceous shell of a radiolarian

is much less soluble at great depths than

the calcium carbonate shell of a foram. X
SQOME DEEN MNEAR - EQUATORIAL

REGIONS uF PHE PHCIFIGC RND TNOIRN
GCLEAWT NAVE Berrems Covias» By
THE REMAINT OF RAD,CLARIANVE,

2N

They will remain intact at greater deptas

30

than will forams. They are not as pre-
domiﬁant in the sediments as foraminiferans,
however. They are often masked by other
sediments. Areas of true radjolarian ooze
exist.in the deep near-equatorial regions

of the Pacific and Indian oceans.

The Tintinnids

Paramecium is a freshwater uenber of

the large group of ciliate Protozca. The
best known ciliates in the sea are the

tintinnids. These organisms are armored

clliates. They are easily identified in

plankton collections by their armox, which TINTINNOPSIS - ATINTINNID
is called a lorica. The lorica is like a

vase with the animal attathed.to the bottom

and protfuding from the mouth. Thé lorica

ERIC
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is composed of a clear organic material
.which may have sand g;ains or other
detritus'cemented into it. It 1e filled
with a low density f£luid which alds £lo-
tation.. The animal is covered with body
cilia over its surface. A series of
éellular membranes projects from the mouth
of the lorica. The membranes are used in
feeding.

The tintinnids feed on microséopic

~plants and bacteria similarly to Paramecium.

They may be recognized in & plankton col-

lectilion. as tiny crystalline or granular-

) . SOME EXAMPLES OF TINTINNID
looking wvases. LORICAE (FROM FRIEDRIcH, 796}




11.

12.

Materials and supplies

-~

Microscope
Foraminifera shells, microsiide
Radioclarian shells, microsliide

Tintinnids, microslide

"Overhead transparency of marine

protozoan types
Marine protozoan types desk outline

Overhead transparency of seaf.oor
sediment types

Overlay for (7), shc~ing radiolaria
and foraminifera in the sediments.

Desk outline of sediment types
Paste~on cutouts of radiolarie for (9)
Pagste-on cutouts gf foraminifera for (10)

Overhead projector

No.

15

30

30

Supplier

Any

Supply hous
Supply hous
Supply hou-

oscse

OSCSP



Activity 1 (Life Science, Bioiogy)

]. Set up the overhead projector.
bPistribute: :
a. Microslides of forsms, radiolariams,
tintinnids

b. Desk outline of marine protozoan

types
c. Desk outline of sediment types
d. Paste-on cutouts of radiolaria

and foraminifera (b-d are in a

packet marked "sediment digtribution'’)

2. Display the tranéparency of marine

protozoan types. Give a short lecture
based on the teacher outline, including

a. The general characteristics of
each group

b. Genexal morphology
¢. Feeding habits
d. Locomotion

3. Have the class observe their microslides
of forams, radiolaria, and tintinnida.
Each member of the class is to sketch
the following organisms:
a. a unilocular foraminiferan
b. a meltilocular foram
¢. a radiolarian with a radiagl skeleton

d. 2 radiolarian with spherical skeleton

e. a tintinnid




Activity 2 (Earth Sclence}

Set up the overhead ﬁrojector.

Pass.but the desk outlines of sea-
floor sediment types.

Display the transparency of seafloor
sediment types.

Introduce the class briefly to the
concept of ocean sediments by teiling
them that each major sediment area
covers millions of square miles and
may. be over 1000 meters dezp.

Place the overlay of radiocleriaz and
foraminifera on top of the sediment
transparency. Orilent it coxrectly
to show the radiclarian and foram
insets on top of the proper sediment
areas.

Explain to the class that the sediments
laid down in the areas shown by the
insets of the overlay are largely
composed of the shells of the forams

and radiclarians -they have been studying.
The foraminiferans, especially, are so
numerous that they cover the seafloor

in a major part of the ocean. Explain
that 1n order to do this, they have been
dying and dropping to the bottom of the
sea for millilons of years, slowly
building up the sediments.

Tell the class that the record of
fossil forams is so old that species
can be found to become extinct zs one

- searches from the lower to the higher

portions of the sediments. Further
point out that the extinction of species
of forams at certaln points in core
samples th:roughout the weorld serve as
correlation point¢ in these core samples.
The point of extinction of a species in
one core will be of approximately similar
age to the extinctlion peint of that
species on another core. In this way,
forams help us to tell the age of the
bottom of the ocean in various parts

of the world.



o
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The characteristics c¢f the shells
of fossil forams change with ceriain
temperature changes. Study of changes
in the shells of foram fossils have
helped man to reconstruct the climate
cf the world in previous times.
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FOREWORD

Prier to 1970, Charleston County possessed no foveal
program tc develop anm orvganized studv of ccsan science. A
few teachetfs would cover sele.ted topilecs on eccasieon, Luu
thexre was no foimal, districe-~wide effort to make oo

sclence currirula available o all:students in the sououd-
ary schools o¢f the district.

The increasing emphasis on the study of the ocezns by
federal, state, and local gevermments and the resultant in-
crease in the importance of the ozean to all citizens has
created a need for coherent ocedan science programs oy skl
students. Nowhave is the need for coherent study oi the
sea more immediately relevant than in Charleston Connny,
The county is permeated with f£o0d and sport-filled wabter-
ways and heavily dependent on naval and commercial shiy-
ping. Present and future pretlems ipn harbor mainte:

ance
and problems of estuarine multipie use indicste a nezd for
a local citizenry literate in ccean science. The wmast of -
fective means of developing large-scale literacy is the
public school.

This publication is one of &« seriss made possible
through a Title TII, ESEA grani entitled Duessographin
Science Conceptual Schemes Projest. These pubiications
are designed for use it standaird science cuerL"la To
develop oceanologic manifestatioans of certalin science
topics. The publlcatlons include teacher guides, student
activities, and demonstrati.ns designed to impart occean
science understanding to Charleston County high school
students.

The members of the ocean science staff include
Dr. Gary Awkerman, Director of Natural Sciences, Mrn.

Michael Graves, Assigtant Dirsctor of Fatural Scisnzes, and
Mr. Paul ¥. Teller, curriculum gpecialist in ccean science.
They were assisted by the'fﬁLloqug writing °f4L{ Sister

Bernadette Kostbar, Ms. Ba2verly lLavderdale, Mg. Dorothy
Bonnett, Ms. Caroline Pearson, Ms. Pat Haves, Mr la‘m* Ynn,
Mr. Nat Bell, Mr. Steve Proctor, and Mr. Leonard Hizegins.

zg
Principal typists were Ms. Anita Skinner, Ms. Robri:a Arown,
and Ms. Lynda Wallace. Without their cheerful, dedicated
efforts and excellent typing., this project could non have
been completed.

Special thanks are due to consultanus Dr. Norman A,
Chamberlain and Dr. F. J. Vernberg, who :nvrri&uten much
valuable information on tides and estuaries, veapecotivaly.
Ms., Virginia Bolton prepared the cover Wgamlngs‘
F. Teller completed the interual figures.

Panl

FY

Gary L. Awkerman
Q Diractor of Natural Sciences
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Cbjectives:

At the end of this exercise, the student should bz
able to;:

LIST the three classes of sponges and their predominant
skeletal materials.

-DESCRIBE the feeding and respiratory method employed by

sponges,
LIST four basic specnge cell types and their function.
EXPLAIN the functicn of spiculeg.

DESCRIBE three basic types of sponge organization.

DESCRIBE a method of sponge reproduction that is im-
portant to the sponge industry.

DESCRIBE the regenersticmr of sponges from dissociated
cells.



Materlals and Supplies

Actdvity 1 No. | Source
1. Aquariﬁm; all-glass, 10 gal. i
or nore
2. Sponge, Leucoselenia, Living 15 Woods hole, Pacific Bio-Maris
3. Finger Bowls, 3~4", 1" deep 15 Biol. Supple Houses
4, Carmine particles, a pinch 1 gr. or more ' "
5. Dissecting needles | ' 15 "o
6. Comcavity slides 15 ~ roon
7. Razor blades, single edge 15’ Store
8. Microscopes, compound ' 15 School
9. Microscope, phase contrast - 1 School
(OPTIONAL} \ '
13, Living sponges, Grantia , - 15 . Biol. Supply House
noom

11. Living sponges, Microciona ‘ 15

Activity 2

12. Modeling clay, 1/4 pound 15 Hobby shop, drugstore
stick ‘

13. Modeling clay, contrasting 15 Hobby shop, drugstore
color, pat '

14. Waxed paper, rolls 1 Grocery store

Activity 3

15,  Stereomicroscope 1-15 School

16, Cheesecloth or finme bolting 15 Dry goods store, Supply Hous
cloth, 12" square

17. Large culture dish (8"), with 15 Biol. Supply'HGUSe
seavater '

. Glass plate, 9 x 9", for . 15 Hardware store
culture cover .




Activity 4

19'
20.

21.

22,

Scalpels
Pebbles
Thread, white silk, spoocl

Balance, triple beam, 0.1
gm sensitivity

No. Source
15 ‘Student Kits
30~40 Road, yard, etc.
1 Surgical Supply Housc
School

Several



Teacher Introduction

General

Spénges are the most simply or-
ganized metazoca. They are egsentially
a2 bag pumping water im through myriad
surface pores for feeding, gas exchange,
and excretion and letting it flow out

through 2 large excurrent opening. All

sponges ‘live as sessile masses attached

Their most frequent habiltat is the
bottom of shallow coasztal waters, but
they are also found in deep water. 4

few have become adapted to life In fresh-

. SPONGILLA~A FRESHWATER
water. '  SPONGE. (RFTER BROWN,1950)

Classificarion

There are three classes of sponges;
calcareous gponges, glass sponges, and
the Demospongia, whosge skelaton is composed
of spicules of silicon compounds, 3 pro-
tein called spongin, or beth. The

Demospongia include the commercial sponges.

Body Plan
There are three basic types of sponge

organization. The simplest type is the



asconecid organization. Asconoid a?onges

are simple, saclike sponges whick draw water

in through smaLl’pores in the bedwwall called
ostia. fhese empty Into & large central cavity,

the spongocoel. The water then flows out a

large opening a2t one end of the sponge
called an osculum. The ascon bedy plan is
shown in figure la.

The next grade of spouge organizgtion
is called szconoig; In sycorold sponges,
the body wall is folded as if one ﬁad squaezed
an asconoeld sponge from the ends and formad
it intd-an accordion~shaped object. This
permits a greater number of the water-
moving cells to be”piaced'in the same length
of sponge body wall. The water now Fflows
into the constructions of the accordicn
shape. The expanded portions are converted
into chambers which drive the water into
the sﬁongocoel. Some sponges have further
increased the efficiency of water movement
by filling in the comstricted portioﬁS'
with cortex cells. Sméll canals lead from
the outside through the cortex;and.into
the water-moving chambers. The syconoid
plan is shown in figurve l1b. 'The spongocoel
is still very large. The large spongocoel

ERIC
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impedes circulati@n by4acting as & large}
reiatively stagnant pocl in the wmiddle of
the sponge. 0Once the trend toward more
powérful circulaticon has begun, the next
most uséful step would be a reduction in
the size of the spongocoel.

The leuconcid plan 1s the most com~
p}x type of sponge organization. In
leuconoid sponges, as shown in figu?q le,
the body wall has been folded again by
foldihg th. asconoild chambers, and the
water-moving cells are counfined to small
chambers. The gpongocoel has been largely
£f1lled in with tissue so that water move-
ment does not take place toward s large,
stagnant pool. Instead, the water passes
from the‘chambers into a discrete, relative~
ly narrow channel leading directly to the
osculum in combination with channgls from
other chambers. The resulfing constriction
of the inflowing water into definite chan-
nels 1Increases the efficiency and velocity
of overall water movement through the sponges
body.

The movement of water through the
sponge 1s important not only in the sense
of bringing food to the organism. New water

@ is essential to respiration and other vital

ERIC




activities of the sponge. The constant
renewval .0of the water allows the uptake.of
oxygen éy sponge cells and the release of
their CO; and other metabolic end products.
Cells throughout the sponge's volume must
have their surrounding water renewed at
rates compatible with vital processes. Water
is being drawn in aonly at the surface of
the sponge. As the sponge increases;in
size, the volume will increase faster than
the surface area. A certain point will
eventually be reached at which the amount
of water drawn in through the surface’
cannot meet the needs of the cells through-
out the volume qf.the spounge.

The sycon and leucon organizational
plans represent solutiéns to the volume-
surface area problem. The folding (sycon)
and refolding (leucon) of the body wall
increase the surface area carable of bring-
ing in water. The channelization of the
water flow 1n leuconoid sponges increases
the efficiency of the circulation resuit-
ing from the increased surface area.

The success of solving the surface
aFea—volume proklem 1is reflected in the
maximum size of sponges built on the
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thrée basic plens. Thé simple asconcid
spongesvnever grow over about i{ cm. high,
while syconocid spcnges reach greater max-
imum sizes. The leuccnoid spcnges sre the

largest of all, reaching heights of severel

QECRLUM
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feet and diameters of similer dimensions.

Histology

’
An asconoid sponge is made up of fsur

basic cell types cailad pingcocytes, porocytes,

choanocytes, and amebocvtes. The\pinacocytes
cover the outside as an epidermis and.
choanocytes line the internal surfaces. 3Be-
tween these two cell layers is a_jelly-like
substance ;alled mesoglea. he amebdcytes
crawi about in cthe mesoglaa.

Borbcytes are tubular cells unique to
sponges. The dincurrent pores, or pstia,
?ass through the center of the porocytes. The
outer surfaces of the pnfocytes are found
scattered among the celis of the epidermis.

They eztend through the masoglea intol the ASCONG! b STRUCTURE,
SHOWING &iid TYPES

: A FTER BRARNIS, /1204
spongocoel, allowlng water to pass into the ¢

spongocoel. The outer ends of the ostla camn
be closed to prevent the entrance of the water.
The choanocytes are the actual water-moving

cells. ihey are more or less round cells with a

RIC
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clear collar extending into the spongocoel.
Rising out of the collar is a whiplike flagellum
which 1§ constantly beating, meving the water
toward the osculum. The exlt of water from the
osculum.allows more water to flow into the
spongocoel through the ostia. In this manner, a
constant current of water is drawn through the
sponge. fhe choanocytes pick food particles

oﬁt of the water and ingest them. Ng di-
ges;ion occurs 1In the choanccytes. They pass
the ingested food to amebécytes in the mesoglea.
) The amebocytes are the wofkhorsé cells

of the‘sponge. The? are undifferentiéted

cells which creep about the sponge like
small:amebas. It Is unclear whather there

18 one ‘adaptable kind or several kinds, but
ameboc&tes have a variety of functions. Amebo-
cytes can be seen to pick up food “rom the
choanocytes; digest 1it, and travel through~

out the sponge distributing the food.

Some amebocytes~develop slender pseudo~
podia and may group tégether in a syncytial
mass containing pigments or focd. Others
form sperm and ova. Pcroéytes and choano~-
cytes have been seen to convert to amebo-

cytes. Other amebocytes secrete limy cor




glass splcules or spongin fibers which

form the skeleton of the sponge.

Skeletal Structures

Tﬂe skeletor of the sponge is made of
splcules. The spicules are small, complex
crystalline structures laid down by amebo- /

cytes. They may be rods, stars, ancher-like _ n
objécts. gridworks, nesdle-shapes, oFf a host t

of other forms. <rthey may be siliceous or
calcareous. Some of the spicules form major

skeletal structures, while others are random~

1y scattered in the soft parts of the sponge.

The form and composition of spicules 1is very

important In the 1dentification of sponges. E%E;
Reproduction ' SPONGE
SPICULES

Budding and fragmentation are asaxual
methods of reproduction used by sponges. Bud-
ing 18 the most common fo'm. In this pro-
cess; & bud appears on the side of tﬁe sponge.
The bud  differentiacres into a young sponge.
The young sponges may detach from the parent
to také up an independent life or remain at~
tached as“ﬁ member of a colony of parents and

offspring.



Fragmentation consists of the regener-
ation of a mew sponge from bits and pleces
of another. The fragment may come from
breakup due to unfavorable environmental con-
ditions.or as a normal part of the life histoxy
of the sponge., Fragmentation is quite impor-
tant -to man. A large sponge may be cut into
many smaller pieces, weighted with a rock or
other heavy object, and planted in a ‘favorable
place on the bottom. Each fragment will grow
into a complete sponge of harvestable size 1in
two- to three years.

[

Another asexual method involves ﬁhe forma-

tion of gemmules. These are hard—shelled

bodies which germinate into new sponges.

Reduction bodies can be formed by many
sponges. In this case, the main body mass
disintegrates, leaving a residual mass that
develops 1into young sponges.

Sexual reproduction involves the forma-
tion of eggs and sperm from amebocytes.
Fertilization is uunusual in that sperm swept
in with thg water current are lugested by |
choanocytes. The chesiocytes then fuse with

the ovum and <et the sperm free. Embryonic

developnent is similar to that of higher meta-

Zoay; but with sgtriking differences. The most



striking of these is that the cell layers

of the blastula {(called an "amphiblastula™)

are reversed in function. What weould be thza

ectoderm of other groups becomes sponge ende-

derm, Development of the larvae proceeds

through ascon, sycon, and leuccnold stages,

SMPHIBLARSTHLA

3 F SYCON{AFTER
stopping along the way if the adult sponge 1is OF Sycon
PREnE & 4 . BORRADGILEET AL,
. 1941)
asconoilid oxr syconoid. /

Regeneration

Sponges have the ability to reproup
into comgieteiy organized sprnuges from a mass
of scattered cells. A sponge may be~fqueezed
through fine gauze to break 1t into individual
cells. The separated cells will becone
ameboid, crawl together, and form a new

sponge. The red sponge, Microciona, is best

for this experiment. GComplete regrouping into

small sponges takes a week or 10 days.

Protective devices of the sponge and its
role as a home for others. -

At first glance, a sponge resting on the
 bottom resembles a defenseless blok waiting
fqr anyone who ;s hurgry. However, if veou
should pick up a sponge in your bare hands,
you would qutékly find it rather painful,
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especially in the caée'of glass spadgeg.

The spicules are quite effective in causing
intense discomfort by penetrating the soft
tissue of anyvthing that tries to handle
them. éponges also have d;sagreeable tastes
and smells and can produce irritants which
cause severe discomfort or even death to
potential predators.

‘The sprawling, porous mass of ailarge
unpalatable sponge is full of small nooks,
crannles, and holes of varibus.sizes, in-
cluding the ostlia and oscula. Liter;lly
thousaﬂds of tiny sea creatures including
crustacea, octopl, crabs, stariish, and others
find refuge in the body of the sponge. The
hauling aboard and careful tearing up cof a

. large sponge reveals a treasure trove of
small créatures delightful in form, activity,

and color.

Sponges and Man

A. Commercial Sponges

The mést obvious connection of sponges to
man is the commercial sponge fishery. All
commercial sponges are in the order of horny
sponges. The skeletons of these sponges con~

sist only of the proteln spongin. There are




n& limy or glass spicules. Commerciallspogges
can'absorb 25-30 times their own Weighf of
water. The main varieties of commeraial .
sponges include Turkey cup, toilet, Zimocca,
wool, velvet, yellow, gvass, wire, and ele-
phant's ear. Differences in aquality depend
on locality and bottom conditioms. The best
sponge grounds are.ﬁn warm traopical and subj
tropical areas such as fhe Mediterraqean,
Gulf of Mexico, West Indies, the Sea of Japan,
and the Phillipines. The depth of commercial
quﬁge grounds varies from shsellow water to .
600 féét.

'The sponges are gathered by hard hat
divers, hooking from the surface, or dredging.

The best sponges are gathered by hard hat

divexrs at about 100 feet down. In the
Mediterranean, sponges are taken from depths

of 450-600 feet by dredges. Thils method

destroys many valuable young spoages. In

;
#

territorial waters of Florida, diving is pro-_¢

=Y

hibited. Sponge fishing there is by long-

HOnkvE SPONLE
IN 3pALLow Wit ER

handled hooks worked from a boat at the surface.
The sponge fishing is limited to depths of
30 feet by this method. -

Sponge cultivation is carried out by

cuttings, as discussed In the section on



asexual reproduction. The Japanese raised
the best toilet sponges in World War II by
suspending long strings Qf cuttings on a.
wire attached to a floét in the Caroline
Island lagoons of the Pacific.

The sponge catch is left on deck to
decay or put in shallow ponds. After 2 days,
the tough outer skin is peeled off and the
sponges are washed and dried. The dried
sponges are sorted by size in long strings
and stored for sale at auctions. The usuzal
market price in 1968 was seven or eig%t dolilars
a pound for prepared sponges.

A disastrous fungus disease hit the
commercial sponge grounds inm 1938 znd 1939.
It started in the Bahamas a2ud spread to |
Florida and the Gulf of Mexico and Caribbean.
It killed almost all the velvet sponges and
80%Z of the wool sponges in the Gulf and
Caribbean. The wool sponge began recovery
in 1950, but the velvet sponge has never re-
covered.

The scarcity of sponges in the wake of
the disease stimulated_the'deve;opﬁent.of tﬁe
artificial sponge. These have alwmost elim-~

inated the demand fory natural sponges.




B. Other important sponges

The boring svponge, Cliona, is a sérious
pest on oysters in many localities. In the
state of South Cavrolina, it has been described
as the most serious oyster pest. It has
caused depletion of many formerly productive
nyster beds in Chesapeake Ba&.

The boring sponge attacks the shell of
the oyster, homeycombing it with tunnels
and causing the shell to become thin and wezk.
The boring sponge 1s easily d1dentified. It
-1s most usuaily found as small sulphdr—
yellowxbumps all over an oyster. Shells that
have been attacked by Cliona are completely
riddled with swzlil to medium sized holes.
Severely infested shells may be easily
broken between the fingers. The dats con
Clgégg from South Cafolina indicated 100% of
the examinred shells in some areas as being
infested with the boring sponge. Four

specles of boring sponge were found in South

Carelina waters.




Activity 1 (Life Science, Biology)

1.

Remoeve 15 Leucoselenia sponges f{rom the
10~gallon aguarivem in which they have been
held. Distribute these to 2-student
groups 1in gseawater-filled finger bhowls.

.Have each group add a pinch of carmiue

particles to their bewl. Placing the bewl
over a white sheet of paper will help io
show up the carmine particles.

Have the class sketch the path of carmine
particles Iin the vicinity of the sponge.

Ask the class if they think oxvgen aliss
antexrs the sponge with the water,(yes;.

Have the students probe about the sponge
with dissecting needles. Titey should

probe gentiy in several areas of the sponge
and then work toward the osculum, Can

they probe close enough to the osculum
to,cause the sponge to cleose 1tY

The c¢lass should now dissect the living
sponge. Have them make a2 cut down the
length of the sponge, saparating it into
two pieces. Have them sketch what they
see. CAUTION! If poseible, all cutting
of sponges should be done while handling
them with glaves c¢r holding them down
with a needle. The spicules can cause

a nasty irritation on bare fingers.

This part of the activity poses some
difficulty, but some students should get
good results. Eagh team should attempt

to remove a thin sectiocon eof tissue from
the rim of one of their sponge halves

and wount it in a drop of water oun a
microslide. A proper exerxcise of caution
and good technique should yield a slide

of a cress-section of sponge wall from
eplidermis through mescglea tc choanocytes.
They should be able to see the beating
choanoflagellates drawing water in through
the porocytes, which will appear as gans
in the wall of the spuunge. Amebocvies
may also be seen as well as several types
of spicules forming the cell wall. The
class should look forx cells containing
carmine particles. They may alsc be
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able to see how the.sponge spicules
form the skeleton of the sponge.

Repeat the procedures in this section
with Living Syconr (Grantia), a syconoid
sponge, and with Microcicna, za leuccnoild
sponge. In the case of Grantias, the
class should carefully examine the rim
of giant spicules forming a collar
around the osculum.

As the class carries out the dissections
of Grantia, have them look for foldings
of the choanocyte layer and compare the

'size of the spongocoel.



sctivity 2 (life Science)

1.

‘grade aiso become filled im on the cutside

Distribtute modeling clay anrnd a 15 inch
length. of waxed paper tc each group of
stu@ents.

Have the teams roll out a string of clay
about 15 inches long and about. 1/4 - 1/2
inch thick on the waxed paper. - Lf the
students desire, they caam merely cut out
flat strips 1/4 inch thick and pinch them
together to make a string about 13 inches
long. Rolling will usually be found much
more satisfactory.

The strip should be curved in the shape of
cne helf of an asconoid sponge, Idike thig:

Little strings of contrasting clay should
be laid on top of the basic sponge pedy
at sbhout 1/2 inch intervals to represent
the porocytes, as shown. :

Another thin layer of contrasting clay

can be laid aleong the inside of the sponge
to represent the choapovcyte laver, like
this: ’

This step finishes the shematic diagram'
of an asconoid sponge.

Now, have the groups opposge their fingers
and push on either side of the sponge to
make an outpocketed configuration. This
will become a schematic model of the

next grade of sponge organization, the
syconold. This 1is donz in the following
manner:

The leuconoid sponge is produced by
conducting the same procedure separately
en each sycencid pocket.

The decrease in size >f the spcongoceel

can be shown by filling in the sponge (a-h)
with clay. Point out to rhe class that
the stagnant space of the spongocoel is
gone, and 1s replaced hy channels which

do not let the force of the water be-

come dissipated.

(Optional) Sponges of sycon and leucon




with cortex cells, channeling the outward
flow as well ag the iunward. If the groups
will £111 in the shaded areas u-p with clay,
leaving the channels open as indicated,

they will have a clearer picture cf the

true organization of ascomoid and leuconoid
spongaes. All they have to do is lay down ‘a
roughly elliptical outline to the sponge

to 'give external shape to it, as shown.

Then they lay down clay im all areas except

the channels. If they ask you 1f che openings
of the canals to the ocutside have a name,
you can call them 'dermal pores”. .The

large bays between the pockets -on the
Ssponges are called incurrent canals.



Activity 3 (Biologyv)

1. Distribute the followiang items to each
group of students:

a, a small living Microciona sponge

b, a large culture dish full of
seawater

c. a square of fine cheese cloth
or bolting cloth (bolting cloth
is better} :

2, Each team of students should place their
living sponge in the center of the cloth
and bring the sides c¢f the cleothiup tc
form a bag.

3. The sponges in their bags should be held
in the water in the culture dish. By
holding the upper end of the bagi the
class hould turn the lower portion so
that the bag gets twisted tighter and
tighter around the sponge.

4, The sponge will soon be squeezed through
the cloth as individual cells or cell
groups. As the sponge begins to squesze
through the cloth, the bag should be noved
around the dish in a wide circle. This
will spread the ssparated cells arcund
the dish and a2vold their collection
into lumps at the bottom of the bowl..

- 5. When the sponge is thoroughly broken
into Individual cells, the dish should
be covered to avold evaporative changes
in salinity. The 9 x 9! glass plate
may be used for this purpose. The dish
should bhe watched closely for the next
few minutes.

6. The regencration process starts quickly.
In a few moments, many cells will have
already become amebold and crawled to-
gether in small lumps on the bottom of

. the dish., TIf a concavity siide and a
compound microscope are still available
from activity 1, you should try to take
up a sample of water and debris f£from the
bottom of the dish. With luck, you may




find ameboid cells actively crawling
toward each other. :

7. When 3 number of swmall balls have formed,
you may replace the water in the dish
with clean seawater and cover the dish.
In a week to 10 days, eech little ball
of cellis should develop into a small
but complete sponge.

T
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Actiﬁity 4

1. Distribute 2 pebbles, 2 three or four-
inch leagths of surgical thread, and
a small piece of Micreciouma spoage T
each grouyr ¢f 2 studemts. Assign a
number to each team.

2., Each grcup should cut their sponge in
half with a scalpel, tie ecach pilace
securely to a pebble with the surgical
thread, and put theiy tesm number in
pencll on each pebble. Each team should
make @ccurate notesg and sketches of the
apvearance c¢f their cuttings at this-
+ime. .

3. Weigh the sponge and pebble when" (I}
is complete.

4. A3l the sponge cuttings should be
placed iu the salt-water zquarium
in the classroowr. The cottinggs Should

‘* be examined at least once every tvo

weeks for the remainder of the school
yvyear. Notes and sketchas should be
wade at sach chservation recording size,
aprearance, and any other changes the
studeris wmay nctea. :

5. 4% the end of the year, each 2ponge
cutiing and 31ts pebble should he
welghed again to determine how much
weight it ha¢ gained since the original
planting.
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